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Abstract
We present a knowledge-based approach to implementing a tutoring system for innovation management. The knowledge-
based approach proposed aims to solve the pervasive knowledge bottleneck problem of innovation and entrepreneurship. 
Solving this problem in emerging regions of innovation and entrepreneurship amounts to bridging the knowledge gaps 
associated with managing processes of technology innovation and entrepreneurship with a view to increasing the global 
competitiveness of emerging regions of innovation and entrepreneurship. We validated the main hypotheses on which this 
approach is based using the ICT industry in Chile as a quintessential example of an emerging region of technology 
innovation and entrepreneurship. We find empirical evidence to suggest that the knowledge-based management system 
approach proposed is a tenable approach to solving the knowledge bottleneck problem for companies arising out of the ICT 
industry in Chile and put the case that such an approach might be used to solve this problem in other emerging regions of 
innovation and entrepreneurship as well.
© 2015 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the organizers of ITQM 2015
Keywords: Knowledge-Based Systems; Knowledge Representation; Innovation Management; Innovation Management Systems
1. Introduction
In the area of innovation management and entrepreneurship in knowledge-intensive industries there is today 
wide agreement on the need for the adoption of best innovation management practices for the success of both 
start-ups and established companies alike. For start-ups, small and medium-sized companies, particularly those 
that do not count with an experienced management team that has been exposed to the “knowledge” available in 
robust regions of innovation and entrepreneurship, this challenge often constitutes a serious obstacle that 
prevents them from achieving regional and global competitiveness. This is particularly the case for start-ups 
arising out of emerging innovation networks, as opposed to complex innovation networks, as defined by 
Ferrary and Granovetter [1]. Although innovation management tools and methodologies [2-3] of different 
flavors have been developed by a variety of software vendors and are today commercially available, these tools 
are typically affordable by medium-sized and large corporations and, more importantly, they do not provide the 
“knowledge” that is necessary to drive innovation and entrepreneurial processes successfully (see Gartner’s 
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2015 magic quadrant for IT project and portfolio management reports at www.gartner.com for an analysis of 
some of these tools). In fact, they presuppose that the user does have this knowledge already so he or she can 
instantiate the proper rules in the innovation management system. Unfortunately, there is a fundamental 
problem that any technology start-up needs to overcome, the so-called “knowledge-bottleneck problem,” as 
introduced below. The aim of the work presented in this article is to (i) empirically validate if a knowledge-
based systems approach to evidence-based innovation management can be followed to solve the knowledge 
bottleneck problem and, if so, (ii) investigate the requirements that such an approach would need to meet from 
a knowledge representation perspective.
2. The Knowledge Bottleneck Problem
The knowledge bottleneck problem pervades emerging regions of innovation and entrepreneurship and has 
remained largely unaddressed both in industry and academia. This problem stems from the lack of knowledge 
on best practices around technology innovation and entrepreneurship shown by entrepreneurs and technology 
firms that are not embedded in complex regions of innovation and entrepreneurship. This lack of embeddedness 
in complex innovation networks has two negative effects: (i) entrepreneurs and their firms often lack the 
knowledge required to guide process of technology innovation and entrepreneurship successfully and (ii) they 
do not have access to the required knowledge through external sources.
The knowledge required to solve the knowledge bottleneck problem is plentiful in complex innovation 
networks such as Silicon Valley and is—at least in principle—accessible to entrepreneurs and firms located 
there, particularly to those who succeed in receiving smart money from tier-1 venture capital (VC) firms. 
Although the knowledge bottleneck problem exists in both complex and emerging regions of innovation and 
entrepreneurship, this problem is particularly pervasive in emerging regions of innovation and entrepreneurship 
in which the knowledge required to manage processes of innovation and entrepreneurship is not readily 
available to technology start-ups and small and medium-sized technology firms, even to those with the 
potential to achieve regional and global competitiveness. While there has been considerable work both in 
industry and academia concerning the development of innovation management methodologies and their 
implementation and commercialization as enterprise software tools to manage processes of innovation and 
entrepreneurship [4], little effort has been devoted to exploring a knowledge-based management systems 
approach. Such an approach would make the knowledge required to manage processes of technology 
innovation and entrepreneurship available to entrepreneurs and firms as context-sensitive management rules in 
a knowledge base. This work lays at the intersection of innovation management and a core discipline of 
Artificial Intelligence, namely, knowledge representation and knowledge-based systems [4-13].
3. Hypotheses Formulation 
We first want to investigate a number of hypotheses that deal with the areas of technology innovation 
management and entrepreneurship in the ICT industry in Chile, which we will use as our case of an emerging 
region of innovation and entrepreneurship in a knowledge-intensive industry.
3.1. Hypotheses Regarding Innovation Management Processes
The first hypothesis deals with the question of whether or not the ICT industry in Chile has today a clear 
orientation towards what we shall term outbound innovation. While outbound innovation is a strategy that 
consists in driving innovation processes to export products or services to regional and global markets, inbound 
innovation is about introducing products and services from foreign vendors in the local domestic market.
H1: Outbound innovation is not the predominant innovation strategy of the ICT industry in Chile.
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Our second hypothesis deals with the question of whether the companies in the ICT industry in Chile 
currently exporting target mostly tier-1 absorption markets as part of their outbound innovation strategies.
H2: Companies in the ICT industry in Chile that are executing outbound innovation strategies target 
mostly customers in tier-1 technology absorption markets.
The third hypothesis has to do with whether or not the companies in the ICT industry in Chile regard 
outbound innovation as a strategic component of their corporate strategy.
H3: Companies in the ICT industry in Chile regard outbound innovation as a strategic component of their 
corporate strategy.
Our fourth hypothesis deals with the question of whether entrepreneurs located in the ICT industry in Chile 
can have access to and afford the services of external experts to bridge their knowledge gaps in innovation 
management and entrepreneurship.
H4: Start-ups and small and medium-sized firms in the ICT industry in Chile executing or planning to 
execute outbound innovation strategies are able to bring into the company the management talent required to 
plan and execute such strategies.
This fourth hypothesis is important because depending on whether or not it can be confirmed, the 
engineering effort associated with the implementation of a knowledge-based system for managing processes of 
technology innovation and entrepreneurship could be reduced. 
3.2. Hypotheses Regarding the Type of Knowledge Required
On the basis of the knowledge gaps encountered in emerging regions of technology innovation and 
entrepreneurship, that is, the Chilean ICT industry in our case, we need to ascertain the type of rules that will 
contribute to closing those gaps. More specifically, we need to find out the type of knowledge that these rules 
entail and assess the degree of “expressiveness” of the knowledge representation language that is required in 
order to represent them in a knowledge base. In the field of Artificial Intelligence there has been a long debate 
concerning the need for a logical foundation of the knowledge representation language to be used in order to 
implement a commercial-grade knowledge-based system. With the development of knowledge representation 
systems in the tradition of KL-ONE [7], [14-15], a move towards constraining the underlying expressiveness of 
the knowledge representation systems became the dominant doctrine in the knowledge representation 
community. KL-ONE-lookalikes were inspired by the formalism of Semantic Networks [9-12], [18], [21] and 
constituted quite a departure from this formalism in that they were based on formal logics and postulated 
“subsets” of first-order predicate logic as their logical foundation. While the need for a logical foundation has 
been undisputed since the late 1980s, this second debate about restraining logical expressiveness has not yet 
been settled, as there is a difficult trade-off between expressiveness in the knowledge base and computational 
tractability of the inferential algorithms [20]. Our fifth hypothesis examines this expressiveness trade-off.
H5: The knowledge underlying many of the innovation management processes required by companies in 
the ICT industry in Chile to execute outbound innovation strategies (“the knowledge”) can be represented and 
implemented using the representational power of first-order predicate logic.
4. Methodology and Results
To test our hypothesis, we conducted a survey of the Chilean ICT industry on behalf of the Chilean 
Association of ICT companies (ACTI). One of the goals of this survey was to conduct a gap analysis and find 
out the main knowledge gaps of the ICT industry in Chile.
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4.1. Methodology
A total of 260 small, medium-sized and large ICT companies were considered as part of a stratified random 
sample for a survey conducted in 2010. The stratification of the sample mirrored the overall composition of the 
ICT industry in Chile in terms of company size and was therefore comprised of 78 large corporations, 80 
medium-sized companies, and 102 small companies. Small, medium-sized and large companies in the ICT 
industry in Chile were defined as those with yearly turnover of up to US$ 20M, US$ 100M, and in excess of 
US$ 100M, respectively. The instrument for the survey consisted of questionnaires that used Likert scales of 
forced response and also open questions. Testing hypothesis H3 and H4 made it also necessary to conduct a 
cluster analysis to identify the structure of the different clusters in the Chilean ICT industry, especially in terms 
of the execution potential of outbound innovation strategies. We followed a hierarchical, quick-type cluster 
approach with metric quantification variables consisting of an index of export potential measured in terms of 
current exports and commitment to investing in outbound innovation strategies. To operationalize hypothesis 
H5, we used the results of the survey and the cluster analysis to put together a requirements specification 
catalogue containing the knowledge gaps pertaining to outbound innovation most commonly identified by 
respondents in the sample. We then translated these rules into logical forms expressed in first-order predicate 
logic and analyzed them according to their expressiveness.
4.2. Results
One of the interesting findings of the survey is that 54% of the companies in the sample did have some level 
of export activity. Figure 1 shows the percentage of turnover achieved in foreign markets as a percentage of all 
the 140 companies in our sample that are currently exporting. 
Fig. 1. Percentage of turnover driven out of foreign markets
Source: Gap Analysis of the Chilean ICT Industry (Chilean Association of ICT Companies-ACTI AG)
Companies in the sample that were exporting provided their services on average in 2.7 countries.  Of all the 
companies exporting, 67% of them did so to neighboring countries, 15% to Central America, 6% to North 
America (primarily Canada) and only 1% to Asian markets. This seems to imply a certain orientation towards 
an outbound innovation strategy of the ICT industry in Chile. As mentioned, the companies that did export 
amounted to 54% of the companies in the sample, but while 65% of them had less than 15% of their revenues 
from foreign markets only 3% of them had a 100% focus on exporting products and services. This provides 
strong evidence to suggest that our first hypothesis can be confirmed, namely, that the outbound innovation 
strategy is not yet a predominant strategy of the ICT industry in Chile. 
Figure 2 shows the countries that the ICT companies exporting were actually targeting. This information 
shows that the Chilean ICT companies with export activities have been doing so mostly to neighboring 
countries in the Southern Cone, namely, Argentina, Colombia, and Peru. Only 6% of respondents were having 
market opportunities in the regions comprised of the U.S. and Canada. Figure 3 shows the countries that 
represented short-term market opportunities.
0% 5% 10% 15% 20% 25% 30%
1% to 3%
4% to 7%
8% to 14%
15% to 29%
From 30% to 50%
More than 50%
More than 70%
100%
207 Harold Paredes-Frigolett /  Procedia Computer Science  55 ( 2015 )  203 – 212 
Fig. 2. Export countries of the ICT Industry in Chile
Source: Gap Analysis of the Chilean ICT Industry (Chilean Association of ICT Companies-ACTI AG)
As shown in Figure 3, only 9% of the companies exporting saw the U.S. as a future technology absorption 
market. The results shown in Figure 2 and Figure 3 provide strong evidence to refute our second hypothesis, as 
most of the foreign countries being targeted—but also those that were being considered as representing export 
opportunities in the future—were not tier-1 or tier-2 technology absorption markets. 
Fig. 3. Countries representing current and short-term export opportunities in Chile
Source: Gap Analysis of the Chilean ICT Industry (Chilean Association of ICT Companies-ACTI AG)
Figure 4 shows the markets representing opportunities.
Fig. 4. Markets representing export opportunities in the mid- and long-term
Source: Gap Analysis of the Chilean ICT Industry (Chilean Association of ICT Companies-ACTI AG)
Interestingly, most companies declared that tier-1 ICT absorption markets did not represent market 
development opportunities for them. Based on this information, we concluded that the hypothesis H2 could not
be confirmed. The cluster analysis yielded three clearly distinguishable clusters, as shown in Figure 5.
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The companies in the advanced cluster amounted to 13% of all the companies in the sample. This cluster 
consists of 33 companies and is comprised of 17 large companies and 16 medium-sized companies, 67% of 
which are already exporting. With at least 30% of their annual revenues coming from foreign markets, they 
have already attained a substantial level of outbound orientation. The companies in this cluster that were not 
exporting corresponded to subsidiaries of large foreign ICT companies that did export worldwide but whose 
activities in the Chilean ICT industry consisted in selling products and services to clients in several industries 
in the Chilean domestic market. The companies in this advanced cluster that were exporting amounted to 8.5% 
of the total companies in our sample and to 16% of the total number of companies in our sample that were
exporting. Companies in the advanced cluster declared that outbound innovation was an important component 
of their corporate strategy to achieve long-term growth or that outbound innovation had attained enough 
strategic importance to justify the commitment of resources to proactively drive its execution. Based on these 
findings, we conclude that the third and the fourth hypothesis could be confirmed in the advanced cluster. 
Fig. 5. Cluster analysis of the Chilean ICT industry
Source: Gap Analysis of the Chilean ICT Industry (Chilean Association of ICT Companies-ACTI AG)
The companies in the intermediate cluster amounted to 55% of all the companies in the sample. This cluster 
consisted of 143 companies and was comprised of 41 medium-sized companies and 102 small companies, 46% 
of which were exporting. The 66 companies of this cluster that were exporting had revenues from foreign 
markets ranging from 7% to 30% of their annual revenues. They corresponded to 25% of the total companies in 
our sample and to 47% of the companies in our sample that were exporting. In this intermediate cluster, 77 
companies were included that did not have yet revenues from foreign markets. They amounted to 54% of the 
companies in this intermediate cluster. While our third hypothesis could be confirmed in this intermediate 
cluster we did not find evidence to suggest that the fourth hypothesis could be confirmed.
The companies in the basic cluster amounted to 32% of all companies in the sample. This cluster consisted
of 60 large and 24 medium-sized companies, of which 62% were exporting. The 52 companies of this cluster 
that were exporting had revenues from foreign markets not exceeding 7% of their total revenues. They 
amounted to 37% of the companies that were exporting in our sample. In this cluster, 32 companies were also 
included that did not have yet revenues from foreign markets. The companies in this cluster provided no 
evidence of having planned or committed resources to outbound innovation as a result of a process of strategic 
planning and did not declare outbound innovation to be part of their corporate strategy. We therefore regard 
theirs as a serendipitous, as opposed to a strategic, approach to outbound innovation. Based on these findings,
we conclude that neither the third nor the fourth hypothesis could be confirmed in the basic cluster.
To operationalize our fifth hypothesis we took the gap analysis of the Chilean ICT industry in order to 
assess the type of knowledge required in the application domain. All companies in our sample were asked to 
provide information on the knowledge that needed to be transferred in order for them to embark and 
successfully execute outbound innovation strategies. The lack of knowledge in order to obtain financing (52% 
of respondents) followed by the lack of mentoring and couching about how to execute outbound innovation 
strategies once such financing was provided (24% of respondents) were two of the most cited gap areas. 
Interestingly, most of the gaps identified dealt more with strategic areas of the innovation life cycle, that is, 
with the initial phases of strategic alignment and incubation. In more operational areas of the innovation life 
cycle, that is, those associated with the phases of development and exploitation, the companies presented fewer 
gaps. In order to assess the kind of knowledge required to cover the knowledge gaps identified we did follow a 
method based on three stages. We first spelled out in natural language form the knowledge rules needed to fill 
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the most common gaps. In a second step, we found a logical form (a semantic representation for each of the 
rules identified) using first-order predicate logic [6] as the underlying representation language. In a third step, 
we analyzed the logical forms in order to ascertain the type of knowledge involved and the degree of 
expressiveness required for the knowledge representation language to implement the identified rules in the 
knowledge base. Through this process, we could identify that the corpus of knowledge pertaining to our 
application domain corresponds to either axiomatic or generic knowledge.
Axiomatic knowledge: Axiomatic knowledge can be represented by way of meaning postulates in the 
knowledge base. Meaning postulates are axioms that represent non-probabilistic knowledge about entities in an 
application domain. While some of these meaning postulates correspond to knowledge that can be represented 
using taxonomies, more complex meaning postulates will require the use of if-then rules in the knowledge base.
An example from one of the identified gap areas in the ICT industry in Chile that illustrates the use of 
meaning postulates is the representation of different financing alternatives during the innovation life cycle, as 
shown in Table 1. Table 1 shows such a meaning postulate in natural language form and its corresponding 
logical form in predicate logic representing that an angel round precedes a venture capital round of funding.
Table 1. Rules about financing rounds (meaning postulates)
Rules Logical forms
An angel round is a funding round If x: angel-round(x)o x: funding-round(x)
A round of venture capital is a funding round If y: venture-capital-round(y)o y: funding-round (y)
An angel round precedes a venture capital 
round
If x: angel-round(x)  y: venture-capital-round(y)o
precedes(x, y)
Source: Own elaboration
Generic knowledge: Generic knowledge can be represented using probabilistic conditionals [22].
Probabilistic conditionals can be represented as if-then rules with an attached probability. The “consequent” of 
an if-then rule is triggered in the knowledge base whenever the logical form of a user query matches the rule of 
the so-called “antecedent” of that if-then rule.
Continuing with our example, the knowledge about technology ventures that are seeking a first venture 
capital round of funding during the incubation phase of the innovation life cycle is probabilistic. A probabilistic 
conditional for this example could state that whenever a technology venture is in the incubation phase (the if-
part of the rule in the conditional), then there is, say, a 0.05 probability of getting a series A round of equity 
financing from a venture capital firm in the emerging region in which the round is being sought (the then-part 
of the rule in the conditional). The logical form for this rule is presented in Table 2.
Table 2. Rules about raising financing rounds (probabilistic conditionals)
Rules Logical forms
In the emerging region e of innovation and 
entrepreneurship an innovation deal x in the 
incubation phase pi of the innovation life cycle 
and at the early stage sf of the financial life cycle 
has a 0.05 probability of raising a series A round 
with a VC firm z in that region
in-region e: emerging(e)
during-innovation phase pi: incubation(pi)
at-financial-stage sf: early-stage(sf)
if x: innovation-deal(x)  y: series-A-round(y)  seek(x, y)o 0.05
z: venture-capital-firm (z)  receive (x, y, z)
Source: Own elaboration
Our first finding regarding hypothesis H5 was that the knowledge representation language underlying the 
knowledge-based management system for our application domain can be based on the representational power 
of first-order predicate logic [6] but needed to be extended with probabilistic conditionals for the representation 
of generic knowledge [22]. In fact, we find that most of the knowledge assessed for a knowledge-based 
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approach to innovation management to be implemented corresponded to generic knowledge. A second 
important finding we came up with after analyzing the knowledge corpus for our application domain is that the 
knowledge representation language underlying the knowledge-based management system for our application 
domain needed to represent the context in which an innovation deal is “situated” and that this context needed to 
be expressed in terms of situations comprised of regions (of innovation and entrepreneurship) and 
spatiotemporal locations comprised of phases and stages of the innovation life cycle and the financial life cycle, 
respectively. This type of knowledge can be represented by using the Situation Calculus [23-24].
In order to represent the context about the regions of innovation and entrepreneurship and the spatiotemporal 
locations, expressed in terms of the phases of the innovation life cycle and the stages of the financial life cycle,
in which innovation processes are “situated,” knowledge representation languages that are based on first-order 
predicate logic and incorporate the Situation Calculus are needed. These include semantic representation 
languages such as Situation Schemata [25] and Episodic Logic [26-27], which are well suited for representing 
and reasoning about the knowledge in our domain. We conclude that the fifth hypothesis can only be confirmed 
if we use knowledge representation systems that: (i) embrace the representation power of first-order predicate 
logic [6]; (ii) explicitly allow for the representation of probabilistic conditionals [22]; and (iii) represent 
contextual information using an implementation of the situation calculus such as situation semantics [28].
5. Discussion
Our survey has shown that the ICT industry in Chile had not yet attained a level of outbound orientation so 
as to be characterized as a technology cluster producing companies predominantly oriented towards exporting 
products and services to global markets. Given the knowledge gaps of this industry this situation is not to 
change in the near future, as evidenced by the fact that 92% of respondents that were exporting did so without 
recourse to outside financing from public or private sources. This finding is interesting in that one of the 
characteristics of robust technology clusters is the availability of financing, especially in the form of VC 
funding for acceleration and international expansion. We found evidence that companies in the advanced and 
intermediate clusters have already attained a level of outbound innovation orientation that can be regarded as 
strategic enough to make investments required for the execution of outbound innovation strategies. Therefore, 
we conclude that solving the knowledge bottleneck problem is regarded as strategic by companies in the 
advanced and intermediate clusters of the ICT industry in Chile.
5.1. A Knowledge-Based Approach to Solving the Knowledge Bottleneck Problem
Our fourth hypothesis could only be confirmed in the advanced cluster. Although the level of exports in the 
intermediate cluster was significant and the companies in this cluster declared that outbound innovation was
strategically important, we did not find enough evidence to suggest that companies in this cluster will be able to 
commit the level of resources required to afford the management consulting services provided by outside 
experts or to hire and engage the services of technology executives from more robust regions of innovation and 
entrepreneurship. This is also the case for the basic cluster, a cluster in which switching from the current 
serendipitous to a more strategic approach to outbound innovation is not likely to happen in the short term. 
When asked about their outbound innovation agendas, companies in the basic cluster declared that their 
processes of internationalization had been the result of them accompanying the internationalization process of 
some of their domestic clients, mostly in a neighboring country. We therefore conclude that the need of a 
knowledge-based approach to managing processes of innovation and entrepreneurship is substantiated in 
intermediate cluster, a cluster that represents the majority of the companies in the ICT industry in Chile.
5.2. Generalizing the Model 
Unlike entrepreneurs that can solve the knowledge bottleneck problem by being “embedded” in complex 
innovation networks [29], entrepreneurs in emerging regions are often not able to solve this problem. As a 
result, many of these regions have a tendency to evolve into regions with a clear focus on “inbound innovation,” 
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a strategy aimed at importing technology and services from companies located in more complex technology 
innovation networks. Although an inbound innovation strategy may lead to forming robust local technology 
innovation networks through a process of local knowledge diffusion, we observe that in the absence of some 
key enabling assets these regions are not able to form such complex innovation networks [30]. In this 
connection, the question arises as to whether or not this knowledge-based approach can be generalized?
Generalizing the knowledge-based approach to solving the knowledge bottleneck problem in a general 
model amounts to: (i) defining a common knowledge representation framework for representing the knowledge 
about processes of innovation and entrepreneurship in innovation networks and (ii) facilitating the process of 
building and maintaining custom knowledge bases attuned to the needs of the emerging regions they serve. Our 
findings suggest that the approach advocated in this article can be generalized by way of using a common 
representational framework for a specific application domain, such as the one proposed in this article, as 
opposed to using a general-purpose representational framework. Unfortunately, the process of building such 
custom knowledge bases for different emerging regions remains a challenge and requires the concerted effort of 
several actors operating in emerging regions [31-34] such as the region analyzed in [35].
6. Conclusion 
Our work covers uncharted territory at the intersection of artificial intelligence and innovation and 
entrepreneurship and can be construed as a first step towards building a knowledge-based tutoring system for 
innovation management designed to solve the knowledge bottleneck problem in emerging regions of 
innovation and entrepreneurship. The main contribution of this article consisted in validating the feasibility of 
this approach and characterizing the requirements for representing knowledge as evidence-based innovation 
management rules aimed at bridging the knowledge gaps typically encountered in emerging regions of 
innovation and entrepreneurship. To achieve this goal, we have put forth the desiderata of requirements for a
common knowledge representation language that can be used to build and maintain custom knowledge bases 
covering the specific knowledge gaps of emerging regions of innovation and entrepreneurship. The knowledge-
based approach to evidence-based innovation management put forth in this article can contribute to solving the 
knowledge bottleneck problem in emerging regions of innovation and entrepreneurship.
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